The present study is concerned the fortification of stirred yogurt with certain microelements to improve its nutritional value. The normal stirred yoghurt and stirred yoghurt fortified with 5 % oats, mango, banana fruits, or strawberry jam were prepared .The impacts of fortification on physicochemical characteristics of yogurt fortified with some microelements (silicon, iron, manganese, zinc and copper) were investigated. The results revealed that pH value increased with the increase of added oats and decreased with the fruit addition. Advancing storage period decreased pH values and slightly increased total solids in all samples. Data also showed decrease in protein content, while an increase in the contents of fat, fiber and carbohydrate of the fortified stirred yoghurt. Mineral analyses showed pronounced differences in the total microelements content between the normal stirred yoghurt and stirred yoghurt with oats and fruits. The microelements contents of stirred yoghurt with oats or fruits as ppm were in the range: Silicon (28.70-36.50), manganese (4.60-5.25), iron (3.50-4.10), zinc (3.30-3.60). Concerning the natural stirred yoghurt the values obtained (in ppm): silicon (14.70), manganese (0.90), iron (0.70) and zinc (3.60). However, copper was not detected in all treatments. Concerning the sensory evaluation, addition of fruits improved flavor and total acceptability. Therefore, using oats is recommended as a good natural source to fortify yoghurt with silicon, manganese and iron in making good nutraceutical stirred yoghurt.
INTRODUCTION
Food fortification is an important means in order to improve the nutritive quality of food. Incorporating one or more of essential nutrients with food in an increased concentration to levels higher than normal is known as fortification. This could be done to prevent and correct the insufficiency of one or more nutrients in the society or specific population groups (Gahruie et al.,2015) .
Iron (Fe), silicon (Si), zinc (Zn) and manganese (Mn) were required for their functional property. The daily intake of nutritive microelements of bone (silicon, manganese, zinc, copper) is positively associated with bone mass, (Jugdaohsingh, 2007) . These elements mostly are insufficient in the human diet of the societies in Egypt and African countries. Therefore, importing and consumption of fortified food is increasing.
Enrichment of dairy products with these microelements will effectively prevent or at least diminish the occurrence of diseases associated with the nutritional deficiencies. Yoghurt is a widely consumed functional food because of its high digestibility, bioavailability, and proteolytic activities (Shaboo and Ahmad, 2011) .
Many different Yogurts varieties are now available to suit all palates and demand of different consumers. For example, various textures (e.g. liquid, set, smooth), fat contents (e.g. luxury, low-fat, virtually fat-free) and flavors (e.g. natural, fruit, cereal), can be consumed as a snack or part of a meal, as sweet or savory food which are available all year-round. (Dairy Council, 2016) . (Nutrition scientists have mentioned that) Using natural sources(fruits, cereal, etc.) to enrich food products is one way to improve the overall nutrient intake of food with the least side effects (Nestle, 2013) .
Cereal as oats is a rich source of microelements; it contains high level of silicon as well as iron and manganese. Moreover, the fruits as mango, banana and strawberry are important ingredients of human diet that contain essential nutrients and high level of microelements (USA, 2017) .
Researches on bioactive functional yoghurt include studies on the supplementation of dietary fiber (Damian, 2014) , micronutrients (Sazawal et al., 2013) , and omega-3 polyunsaturated fatty acids (McCowenet al., 2010) . But the studies on microelements are still limited. Therefore, the aim of this study was to fortify stirred yoghurt with some microelements to improve its nutritional value using natural sources, and measured the quality characteristics of the resultant products.
MATERIALS AND METHODS
Cow skim milk (9% T.S) was obtained from theUnit of Milk Industry, Animal Production Research Institute, Agricultural Research Center, Giza, Egypt. The starter used consisted of Streptococcus thermophiles and Lactobacillus delbrueckii subsp. bulgaricus being obtained from the Unit of Milk Industry, Animal Production Research Institute Production. The rolled oats (Avena sativa) (Origin Germany) was obtained from the local market, it was ground and analyzed. The chemical composition of oats was represented in Table (1) . Mango fruit (Mangiferaindica L.) Sukari cultiva type, banana fruit and strawberry jam were obtained from the local market Egypt, Fresh fruits were washed and allowed to dry at room temperature. For mango fruits, fully mature fruits were sliced without peeling, and the seeds were discarded. The slices were blended well. For banana, the banana was peeled, cut into small sizes and mashed using masher. Chemical composition of the fruits and strawberry jam were indicated in Table ( Pilot experiments were carried out to attain the proper concentration of oats (2.5, 5. 7.5 %) to be used for making oats yoghurt. The best portion (5%) was used according to the palatable taste.
Natural yoghurt (the control) was prepared from fresh skim milk mixed with 5% skim milk powder to increase total solids in the final milk, and the mixture was blended. For making yoghurt with oats, fresh skim milk was mixed with 5% oats as a substitute to skim milk powder (T 1 ) as shown in Table ( 2). The mixture was heated at 85°C for 10 min. and then rapidly cooled to45°C, the starter was added at rate 3% and incubated at 43-45 °C until the yoghurt coagulum was formed, and the desired pH value (pH 4.4-4.6) was reached within 3-4 h. The yoghurt was then kept overnight in a refrigerator. The yoghurt coagulum was broken manually by means of a perforated stirrer; by stirring the coagulum twentyfive times in slow helicoidally movements. This was done in order to insure that the yoghurt coagulum was completely broken, and the whey incorporation was promoted. The stirred yoghurt was then circulated through the plate heat exchanger, where it was cooled down by the cold water stream.Then the samples of stirred yoghurt filled into 100g plastic cup. T 2 : 85 g stirred yoghurt with oats + 15 g mango T 3 : 85 g stirred yoghurt with oats + 15 g banana T 4 : 85 g stirred yoghurt with oats +15 g strawberry jam Three replicates were carried out for each treatment. The resultant stirred yoghurt samples were stored in refrigerator at 5±1°C for 15 days. The samples were analyzed for pH and total solids when fresh and after 3, 7, 10 and 15 days intervals during cold. All samples were analyzed for their chemical composition (total solids, protein, lactose and ash) and pH according to AOCA (2007) . Fat was analyzed by using Soxhlet method. Carbohydrate content was calculated by deference.
The microelements contents of the examined samples were analyzed using Agilent microwave plasma atomic emission spectrometry after microwave-assisted digestion with nitric acid. The measurement of light intensity is made at a specific wavelength of the element.
The sensory assessment was performed on natural stirred yogurt and fortified stirred yoghurt prepared in fresh and during storage.The sensory panelist consisted of member's dairy department's staffs. The panelists rated the stirred yogurt for flavor (50), body and texture, (35), appearance (15) and overall (100). Table (3) show pH values and the chemical composition of fortified stirred yoghurt treatments. It was observed that the pH value increased in oats treatment, and gradually decreased with fruit treatments. This decrease mhght be due to the organic acid content in the fruits (Gahruiea et al., 2015) . Moreover all yoghurt treatments decreased in the pH values during storage as shown in Table ( 
RESULTS AND DISCUSSION
The rate of decrease of the pH in all treatments was lower, compared with control. It was found that the total solids of treatment of oats was 12.80 ± 0.01%, which is closed to control, and increased in the ranged from 14.55 ± 0.01 to 21.23 ± 0.02 % with fruits addition as shown in Table (3). This increase might be due to the high content of total solids in fruits as shown in Table ( 3). Also, data in Table ( 4) revealed that total solids in both control and all treatments increased during the storage period.
Protein content decreased in yogurt treated with oats. However, the results showed an increase in carbohydrate content of all treatments. It was also observed an increase in fat content of oats treatments. This is due to the fat content of the added oats which was6.76 % (Table1). Sterna et al, (2015) stated that the lipid content in the oats ranged from 5.20 to 12.40 %. The ash content slightly decreased in all treatments, except mango treatment (T 2 ).
Fiber content found in the oats treatments (0.50 %), while increased in the range of 0.82 -1.01 % with fruits treatments. These results attributed to high content fiber in oats and fruits as shown in Table ( 1), which were in line with the previous studies (Forster et al., 2003; and Ahmad et al., 2014) .Yoghurt with fiber increases health benefits and improves its functionality, also improves body and texture of yoghurt (Forster et al., (2003); and Ahmad et al., (2014) and Gahruiea et al.,2015) Microelements contents of silicon, iron, manganese, zinc and copper contents in stirred yoghurt and the treatments were represented in Table (6). Silicon levels in the stirred yoghurt (control) and oats treatment were 14.7 and 23.22 ppm, respectively. It was noticed that silicon oats increased level by 59 % in stirred yogurt.
These results indicated that oats was a good natural source for silicon. Oats as cereal contains high level silicon. Concerning to the treatments oats with fruits, data showed that the maximum level of silicon found in banana and mango treatments. These related to mango and banana fruits which contain high level of silicon concentration as reported by Powell et al., (2005) . The importance of silicon in human bone formation and connective tissue was indicated. Banana have high Si content, in contrast to the majority of other fruits, however, silicon uptake from bananas was low (Jugdaohsingh et al. 2002 Jugdaohsingh, (2007 .).
The results showed high variations in manganese levels between fortified yoghurt treatments and control. The manganese level in control was 0.90 ppm and elevated to 4.90 ppm affected by oats addition. It was found that the concentration of manganese was in range 4.60 -5.25 in oats with fruits treatments, with maximum value in strawberry treatment, followed by banana and mango treatments. Manganese and silicon are necessary for bone health.
With regard to iron content, results indicated that high increase of iron content of fortified stirred yoghurt with oats (3.90 ppm), compared with control (0.70ppm).
Also, the iron content in oats and fruits treatments was observed in range of 3.50 ± 0.01 to 4.10 ± 0.01 ppm. It was clear that addition of fruit to oats treatment improved iron content. Iron carries oxygen to the cells and is necessary for the production of energy, synthesis of collagen and the proper functioning of the immune system. While, iron deficiency anemia is responsible for an estimated 20 percent of all maternal mortality in Africa. (WHO, 2015) .
Concerning zinc, the result indicated novariations in Zn content between fortified stirred yoghurt treatments and control. Zinc is particularly necessary in cellular replication and the development of the immune response. Zinc also plays an important role in growth; it has a recognized action on more than 300 enzymes by participating in their structure or in their catalytic and regularity actions (Salgueiro et al., 2002) Copper was not detected in all treatments. (200g), were compared with the recommended limit as shown in Table (7) . The daily intake ranges of silicon (20-50 mg/day) for adults, iron (10 to 15 mg/day), manganese (2 to 5 mg/day) and zinc (12 to 15 mg/day) for adult. From Table (7), it was found the range of daily intake per serving supplemented stirred yoghurt with oats was 9.29 to 23.22 % for silicon, and increased with fruit treatments to be 11.48 to 36.50 %. (WHO, 2004 and EFSA, 2009) .
For manganese the ranges were 19.60 to 49.00 % for oats yoghurt. These percentages elevated with strawberry treatments to be 21.00-52.50 %. These percentages of both minerals were higher than those of iron and zinc in serving fortified yoghurt treatments.
With regard of zinc in serving fortified yoghurt in most treatments was closed to control. While, iron in serving yoghurt highly affected by addition of oats and fruits. 14. 16-35.40 18.60-46.50 5.47-8.20 4.56-5.70 T 3 14. 60-36.50 46.00 -18.40 5.40-8.10 5.55-4.44 T 4 11.48-28.70 52.50 -21.00 4.67-7.00 4.67-5.83
Sensory evaluation:
The sensory properties of the stirred yoghurt were evaluated by panels and the results are summarized in Table ( 8) . The fortified yoghurt with oats at concentrations of 5 % gained flavor score 45, which were lower than those for control (47). Whereas the scores of fruits containing fortified yoghurt with oats and fruit ranged from 47-49, indicating that the fruits improved the flavor of fortified yoghurt with oats. High scores were received by mango and strawberry jamcontaining yoghurt. Moreover, the overall acceptability increased with addition of fruits. Therefore, the addition of fruits in fortified stirred yoghurt with oats improve the sensory characteristics. 
